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Amyloid fibers are self-assembling cross b sheet structures whose overall molecular architecture is highly
variable. In this issue of Structure, Torreira and colleagues use electron microscopy to resolve ultrastructural
polymorphisms of RepA-WH1 amyloids.Amyloid fibers form from abnormal
assembly of soluble proteins and are
associated with a number of disease
pathologies, ranging from Alzheimer’s
disease to type II diabetes (Chiti and
Dobson, 2006). Fibrils are composed of
intertwined protofilaments that have a
predominantly cross b sheet quaternary
structure. Self-assembly of b strand
component building blocks generate a
wide range of molecular level poly-
morphism. A detailed molecular mecha-
nism underpinning amyloidogenesis
is important for developing therapeutic
strategies to treat human amyloid
proteinopathies.
RepA is a DNA initiation factor en-
coded in the Pseudomonas pPS10 re-
plicon. Similar to other bacterial Rep
proteins, monomeric RepA initiates repli-
cation while its constitutive dimeric form
acts as a transcriptional autorepressor
(Giraldo et al., 1998). RepA is composed
of two ‘‘winged-helix’’ domains (WH1
and WH2). WH1 is involved in the
dimerization interface, while WH2 binds
specific double-stranded DNA se-
quences called interons. Interon-binding
at replication origins converts the com-
plex to its monomeric active form and
enables the recruitment of replication
factors. Once replication is completed,
RepA proteins from each plasmid copy
remain associated and sterically inhibit
initiation of premature replication rounds
(Das and Chattoraj, 2004). The crystal
structure of RepA-WH1 identified resi-
dues involved in the dimer interface
and revealed a hydrophobic core
composed of a five-stranded antiparallel
b sheet (Giraldo et al., 2003). However,
structural information for how RepA
molecules might oligomerize remained
lacking.10 Structure 23, January 6, 2015 ª2015 ElseA truncated version of RepA, contain-
ing the first WH1 domain (RepA-WH1),
forms amyloid fibers in vitro. Although it
remains to be seen if these occur in vivo,
in Escherichia coli, RepA-WH1 amyloids
impact bacterial fitness and shorten cell
division cycles (Ferna´ndez-Tresguerres
et al., 2010). Many bacteria produce
amyloid fibers that share structural and
biochemical similarities with pathogenic
eukaryotic assemblies. While most
bacterial amyloids are secreted from
the plasma membrane and are involved
in host cell adhesion or biofilm formation
(Bednarska et al., 2013), RepA-WH1
fibers are nonfunctional intracellular
assemblies. Thus, RepA-WH1 aggre-
gates are an example of an amyloid
proteinopathy in bacteria that may serve
as a model system for characterizing
human disease.
In this issue of Structure, Torreira et al.
(2015) report the first 3D ultrastructure
of a RepA-WH1 assembly. The authors
found that soluble RepA-WH1 dimers
can be converted to fibers by seeding
with amyloid aggregates. Analyzed by
both electron microscopy and atomic
force microscopy, these fibers were
found to be largely heterogeneous and
polymorphic. However, by characterizing
frayed ends, the authors discovered that
fibers were constructed from several
filament units. Single-particle image pro-
cessing methods, applied to isolated fila-
ments, were used to define two filament
subtypes. Conformational heterogeneity
within each subtype was addressed, and
their 3D structures revealed single and
double constituent RepA-WH1 helical
nanotubes. Segmentation of the recon-
structions and fitting of the RepA-WH1
crystal structure showed that both
filament subtypes were composed ofvier Ltd All rights reservedRepA-WH1 monomers. Thus, the struc-
tures shown here report a different
arrangement of RepA-WH1 than was
previously observed in the crystal struc-
ture of the dimer. The authors speculate
that this dissociation of dimers and the
rearrangement of monomeric RepA-
WH1 may reflect structural transitions
of RepA that could occur during initiation
of DNA replication.
Structural studies of amyloids have
demonstrated that both fibers and their
protofilament components have a highly
variable ultrastructure. Amyloid b protein,
associated with Alzheimer’s disease,
assembles into nanotubes with a unique
triple helix molecular architecture (Nicoll
et al., 2013). In contrast, a truncated
fragment of transthyretin organizes into
three distinct fibril types composed of
multiple linear protofilaments (Fitzpatrick
et al., 2013). While these studies charac-
terize self-assembly of peptides, Torreira
et al., (2015) present the hierarchical
organization of a protein domain. All three
studies report the variability of amyloids
at both the intra- and interprotofilament
levels. This polymorphic molecular orga-
nization may be reflective of the diversity
in clinical subphenotypes for amyloid-
based disease.
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In this issue of Structure, Lanouette and colleagues use a combination of computation and experiment
to define a specificity motif for the lysine methyltransferase SMYD2. Using this motif, they predict and
experimentally verify four new SMYD2 substrates.Protein lysinemethyltransferases (PKMTs)
such as SMYD2 transfer one, two, or three
methyl groups to the ε-amine of a lysine
side chain. This protein family methylates
histones, executing a critical step in the
epigenetic regulation of chromatin struc-
ture and gene expression. PKMTs also
modify several nonhistone substrates
(p53, Retinoblastoma protein, and estro-
gen receptor a) and are frequently associ-
atedwith aspects of cell cycle progression
and chromosome segregation. Despite
the central importance of PKMTs to cell
biology, the comprehensive identification
of PKMT targets is currently limited by
technical obstacles. In particular, the small
change in molecular weight and lack
of charge associated with modification
by methylation makes detection by mass
spectrometry nontrivial and the generation
of specific antibodies difficult (Lanouette
et al., 2014).
In this issue of Structure, Lanouette
et al. (2015) address this challenge by tak-
ing an alternate approach to the identifi-
cation of SMYD2 substrates. The idea is
simple: to conduct comprehensive satu-
ration point mutagenesis for the peptidesubstrate in silico and use the results
to define a specificity motif for methyl-
transferase activity. To do this, they begin
with a crystal structure of SMYD2 in com-
plex with a p53 substrate peptide. The
peptide residues 1, +1, and +2 relative
to the methylated lysine are then individu-
ally mutated to all other amino acid resi-
dues with the exception of proline, and
the new point mutant peptide/SMYD2
complex is energy minimized and scored
using a physics-based potential energy
function. The energetic scores (referred
to in the article as substitution fitness
values) are then used to select tolerated
or beneficial mutations in the peptide, re-
sulting in a calculated binding motif for
SMYD2. For these calculations, the au-
thors make a key strategic choice: to
represent the complex between SMYD2
and peptide ligand as a conformational
ensemble. This approach, often referred
to as ‘‘multistate design,’’ attempts to
capture the flexibility of natural proteins
by calculating energy over a conforma-
tional ensemble (typically on the order of
10–102 structures) instead of for a fixed
single-structure template (Friedland andKortemme, 2010). Indeed, prior work has
shown that multistate design can improve
the de novo design of small proteins
(Allen et al., 2010) and the accuracy of
peptide binding specificity predictions
(Smith and Kortemme, 2010).
In this article, Lanouette et al. (2015)
directly compare the predictive capacity
of multistate and single-state computa-
tional design protocols to experimental
methyltransferase data. Using peptide
SPOT arrays, SMYD2 methyltransferase
activity is tested for a collection of p53
substrate peptides where the 1, +1,
and +2 positions are individually mutated
to all other amino acid residues. The re-
sults are striking: the multistate design
calculations largely reproduce the experi-
mentally determined specificity motif
(Figure 1). In contrast, single-state design
predicts unfavorable energies for several
amino acids well tolerated by SMYD2
experimentally. The observation that
multistate design calculations result in
fewer false negatives for this system is
consistent with the well-known observa-
tion that fixed backbone calculations
often induce steric clashes that would be5 ª2015 Elsevier Ltd All rights reserved 11
